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METHOD FOR FABRICATING A DEEP 
TRENCH CAPACITOR 

BACKGROUND OF INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor process, 
and more particularly, to a process of manufacturing a deep 
trench capacitor of a DRAM device. 

2. Description of the Prior Art 
Trench-capacitor DRAM devices are knoWn in the art. A 

trench-storage capacitor typically consists of a very-high 
aspect-ratio contact-style hole pattern etched into the 
substrate, a thin storage-node dielectric insulator, a doped 
loW-pressure chemical vapor deposition (LPCVD) polysili 
con ?ll, and buried-plate diffusion in the substrate. The 
doped LPCVD silicon ?ll and the buried plate serve as the 
electrodes of the capacitor. A dielectric isolation collar in the 
upper region of the trench prevents leakage of the signal 
charge from the storage-node diffusion to the buried-plate 
diffusion of the capacitor. 

In general, the prior art method for fabricating a trench 
capacitor of a DRAM device may include several major 
manufacture phases as folloWs: 

Phase 1: deep trench etching. 
Phase 2: buried plate and capacitor dielectric (or node 

dielectric) forming. 
Phase 3: ?rst polysilicon deep trench ?ll and ?rst recess 

etching. 
Phase 4: collar oxide forming. 
Phase 5: second polysilicon deposition and second recess 

etching. 
Phase 6: third polysilicon deposition and third recess 

etching. 
Phase 7: shalloW trench isolation (hereinafter referred to 

as “STI”) forming. 
Please refer to FIG. 1 to FIG. 3. FIG. 1 is a schematic 

diagram illustrating an enlarged portion of a typical deep 
trench capacitor in cross-sectional vieW along line NN of 
FIG. 2. FIG. 2 shoWs the normal layout of the active areas 
(hereinafter referred to as “AA”) and deep trench capacitors 
(hereinafter also referred to as “DT”) 11 and 12 Without 
DT-AA misalignment after accomplishing STI process, 
Wherein perspective buried strap out diffusion 16 is shoWn. 
FIG. 3 depicts misaligned AA and DT layout after accom 
plishing STI process. Referring initially to FIG. 1, tWo 
adjacent deep trench capacitors (DT) 11 and 12 are fabri 
cated in a semiconductor substrate 10, Wherein each of 
Which is comprised of a buried plate 13, node dielectric 14, 
poly stack storage node (Poly1/Poly2/Poly3). As knoWn to 
those skilled in the art, the buried plate 13 acts as a ?rst 
electrode of the deep trench capacitor, and the poly stack 
storage node (Poly1/Poly2/Poly3), Which is electrically iso 
lated from the buried plate 13 by the node dielectric 14, acts 
as a second electrode of the deep trench capacitor. Typically, 
the second polysilicon layer (Poly2) of the poly stack 
storage node (Poly1/Poly2/Poly3) is electrically from the 
surrounding substrate 10 by a so-called collar oxide 15. The 
deep trench capacitors 11 and 12 are electrically connected 
to respective access transistors (not shoWn), Which are 
formed on the active areas 26, via the buried strap out 
di?fusions 16. The deep trench capacitor 11 is electrically 
isolated from the deep trench capacitor 12 by the STI 20. 
As the siZe of a memory cell shrinks, the chip area 

available for a single memory cell becomes very small. This 
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2 
causes reduction in capacitor area on a single chip and 
therefore leads to problems such as inadequate capacitance 
and large electrode resistance. In FIG. 1, tWo essential 
parameters are de?ned: X and L, Wherein the parameter “X” 
stands for the maximum distance in the overlapping region 
betWeen AA and DT in the x-direction, and the parameter 
“L” stands for the maximum distance of the DT in the 
x-direction subtracts the parameter “X”. In other Words, the 
maximum Width of the DT in the x-direction is the combi 
nation of the parameters “X” and “L”. It is often desired that 
to minimize the electrode resistance, the parameter “L” is 
kept as small as possible, While the parameter “X” is kept as 
large as possible. Larger “X” means longer AA region, and 
smaller “L” means narroWer STI betWeen tWo adjacent deep 
trench capacitors. Referring to FIG. 3, unfortunately, small 
“L” often leads to M-DT misalignment When de?ning AA 
and STI areas, and therefore causes capacitor charge leakage 
via diffusion region 17 as shoWn in dash line circle. When 
AA-DT misalignment occurs, the conductive diffusion 
region 17 is formed in the area betWeen tWo adjacent deep 
trench capacitors 11 and 12, in Which a STI is supposed to 
embedded therein for isolating the tWo adjacent deep trench 
capacitors 11 and 12. 

Please refer to FIG. 4 and FIG. 5. FIG. 4 and FIG. 5 are 
schematic cross-sectional diagrams shoWing several inter 
mediate steps of forming a prior art deep trench capacitor, 
Which are relative to the present invention. As shoWn in FIG. 
4, a substrate 10 having a pad oxide layer 26 and a pad 
nitride layer 28 thereon is provided. After deep trench 
etching, an N+ buried plate 13 and a node dielectric layer 14 
are sequentially formed in the deep trench. A ?rst polysilicon 
deposition and recess process is then carried out to form a 
?rst poly layer (Polyl) at the bottom of the deep trench. A 
collar oxide layer 15 is formed on sideWall of the deep 
trench above Poly1. A second polysilicon deposition and 
recess process is then carried out to form a second poly layer 
(Poly2) atopPoly1. As shoWn in FIG. 5, the collar oxide 
layer 15 that is not covered by Poly 2 is stripped off to 
expose the sideWall of the deep trench. Subsequently, a third 
polysilicon deposition and recess process is carried out to 
form a third poly layer (Poly3) atopPoly2. Dopants of the 
heavily doped Poly2 diffuse out through Poly3 to the sur 
rounding substrate 10 to form an annular shaped buried strap 
out diffusion 16. Finally, a conventional STI process is 
performed to isolate the tWo adjacent deep trench capacitors, 
thereby forming the structure as set forth in FIG. 1. 

SUMMARY OF INVENTION 

The primary objective of the present invention is to 
provide a novel method for fabricating a trench capacitor of 
DRAM devices, thereby solving prior art AA-DT misalign 
ment problem during STI process and reducing resistance of 
the capacitor electrode. 

According to this invention, a method for fabricating a 
trench capacitor is disclosed. A substrate having thereon a 
pad oxide layer and a pad nitride layer is provided. A deep 
trench is formed by etching the pad nitride layer, the pad 
oxide layer, and the substrate. The deep trench is then doped 
to form a buried diffusion plate in the substrate at a loWer 
portion of the deep trench. A node dielectric layer is depos 
ited in the deep trench. A ?rst polysilicon deposition and 
recess etching is performed to embed a ?rst polysilicon layer 
on the node dielectric layer at the loWer portion of the deep 
trench, and the ?rst polysilicon layer having a top surface, 
Wherein the d top surface of the ?rst polysilicon layer and 
sideWall of the deep trench de?ne a ?rst recess. A collar 
oxide layer is formed on sideWall of the ?rst recess. A second 
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polysilicon deposition and recess etching is performed to 
embed a second polysilicon layer on the ?rst polysilicon 
layer. The collar oxide layer that is not covered by the 
second polysilicon layer is removed to expose the substrate 
at an upper portion of the deep trench. The top surface of the 
second polysilicon layer and the exposed substrate de?ne a 
second recess. The second recess is ?lled With a spacer 
material layer. A photoresist layer is formed on the spacer 
material layer. The photoresist layer masks a portion of the 
spacer material layer. The spacer material layer that is not 
covered by the photoresist layer is anisotropically etched to 
form a single-sided spacer on sideWall of the second recess. 
A third polysilicon deposition and recess etching is then 
performed to embed a third polysilicon layer on the second 
polysilicon layer and the collar oxide layer. 

It is to be understood that both the foregoing general 
description and the folloWing detailed description are 
exemplary, but are not restrictive, of the invention. Other 
objects, advantages, and novel features of the claimed 
invention Will become more clearly and readily apparent 
from the folloWing detailed description When taken in con 
junction With the accompanying draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

The accompanying draWings are included to provide a 
further understanding of the invention, and are incorporated 
in and constitute a part of this speci?cation. The draWings 
illustrate embodiments of the invention and, together With 
the description, serve to explain the principles of the inven 
tion. In the draWings: 

FIG. 1 is a schematic diagram illustrating an enlarged 
portion of a typical deep trench capacitor in cross-sectional 
vieW along line NN of FIG. 2; 

FIG. 2 shoWs the normal AA and DT layout Without 
DT-AA misalignment after accomplishing STI process, 
Wherein perspective buried strap out diffusion 16 is shoWn; 

FIG. 3 depicts misalignedAA and DT layout after accom 
plishing STI process, Wherein perspective buried strap out 
diffusion 16 and excess conductive diffusion 17 are shoWn; 

FIG. 4 and FIG. 5 are schematic cross-sectional diagrams 
shoWing several intermediate steps of forming a prior art 
deep trench capacitor; 

FIG. 6 to FIG. 9 are schematic cross-sectional diagrams 
shoWing the manufacture steps of making a deep trench 
capacitor in accordance With the ?rst preferred embodiment 
of the present invention; 

FIG. 10 is a top vieW of FIG. 9 in a state before STI 
etching process, Wherein the perspective non-annular buried 
strap out diffusion 16 and unique single-sided spacer 42 are 
illustrated; 

FIG. 11 is a schematic cross-sectional diagram illustrating 
the STI process in accordance With the second preferred 
embodiment of the present invention; 

FIG. 12 is a top vieW of FIG. 11 in a DT-AA misaligned 
state before STI etching process, Wherein the perspective 
non-annular buried strap out diffusion 16 and unique single 
sided spacer 42 are illustrated; 

FIG. 13 is a schematic cross-sectional diagram illustrating 
the STI process in accordance With the third preferred 
embodiment of the present invention; and 

FIG. 14 is a top vieW of FIG. 13, Wherein the perspective 
non-annular buried strap out diffusion 16 and unique single 
sided spacer 42 are illustrated. 

DETAILED DESCRIPTION 

Please refer to FIG. 6 to FIG. 10. FIG. 6 to FIG. 10 are 
schematic cross-sectional diagrams shoWing the manufac 
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4 
ture steps of making a deep trench capacitor in accordance 
With the ?rst preferred embodiment of the present invention, 
in Which like reference numerals designate similar or cor 
responding elements, regions, and portions. As shoWn in 
FIG. 6, a semiconductor substrate 10 such as a silicon 
substrate is provided. A pad oxide layer 26 and a pad nitride 
layer 28 are formed on a main surface of the semiconductor 
substrate 10. A dry etching process is carried out to form a 
deep trench in the semiconductor substrate 10. Aburied plate 
13 adjacent to the deep trench and a node dielectric layer 14 
are formed. A ?rst polysilicon deposition and recess process 
is carried out to form a ?rst poly layer (Polyl) at the bottom 
of the deep trench. A collar oxide layer 15 is formed on 
sideWall of the deep trench above Poly1. A second polysili 
con deposition and recess process is then carried out to form 
a second poly layer (Poly2) atopPoly1. The method of 
forming the buried plate 13 comprises the steps of deposit 
ing a thin layer of arsenic silicate glass (ASG) at a loWer 
portion of the deep trench, folloWed by thermal drive in. It 
is understood that other doping methods such as gas phase 
doping (GPD) or the like may be employed. The node 
dielectric layer 14 may be oxide-nitride (ON) or oxide 
nitride-oxide (ONO), but not limited thereto. The collar 
oxide layer 15 that is not covered by Poly 2 is stripped off 
to expose the sideWall of the deep trench, thereby forming 
a recess opening 37. Thereafter, a chemical vapor deposition 
(CVD), such as high-density plasma CVD (HDPCVD), is 
performed to deposit a CVD oxide layer 30 on the semi 
conductor substrate 10. The CVD oxide layer 30 overlies the 
pad nitride layer 28 and ?lls the recess opening 37. 
As shoWn in FIG. 7, the CVD oxide layer 30 is planariZed 

by methods knoWn in the art. For example, using the pad 
nitride layer 28 as a polish stop, a conventional chemical 
mechanical polishing process is performed remove the CVD 
oxide layer outside the recess opening 37. A photoresist 34 
is formed on the planar surface of the substrate and masks 
a portion of the remaining CVD oxide layer 30 embedded in 
the recess opening 37. 
As shoWn in FIG. 8, using the photoresist 34 and the pad 

nitride layer 28 as an etching mask, an anisotropic etching 
process is carried out to etch aWay the CVD oxide layer 30 
that is not masked by the photoresist 34, thereby forming a 
single-sided silicon oxide spacer 42 on the sideWall of the 
upper portion of the deep trench above the collar oxide layer 
15 and a recess opening 45. The recess opening 45 is 
substantially de?ned by the surface of the single-sided 
silicon oxide spacer 42, the exposed surface of the sideWall 
of the upper portion of the deep trench above the collar oxide 
layer 15, and the top surface of Poly2. As speci?cally 
indicated, the single-sided silicon oxide spacer 42 masks a 
portion of the sideWall of the upper portion of the deep 
trench above the collar oxide layer 15 that is adjacent to a 
most neighboring deep trench. The remaining photoresist 34 
is then stripped off. 
As shoWn in FIG. 9, according to the ?rst preferred 

embodiment of the present invention, a third polysilicon 
deposition and recess process is carried out to form a third 
polysilicon layer (Poly3) atopPoly2. First, a CVD polysili 
con layer is deposited over the substrate 10 and ?lls the 
recess opening 45. The polysilicon layer is recessed to a 
predetermined depth for example l00~500 angstroms beloW 
the surface of the semiconductor substrate 10 to form a 
recess opening 47. Dopants of the heavily doped Poly2 
diffuse out through Poly3 to the surrounding substrate 10 
that is not masked by the single-sided spacer 42 to form a 
non-annular buried strap out diffusion 16. Finally, an STI 
process is carried out. First, a borosilicate glass (BSG) layer 
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50 is deposited over the substrate 10 and ?lls the recess 
opening 47. An AA photoresist 64 is formed on the BSG 
layer 50 to de?ne the active areas. The AAphotoresist 64 has 
therein an STI opening 65 de?ning the STI region to be 
etched into the substrate 10. A prior art STI opening 66 as 
indicated by dash lines is also depicted in FIG. 9 to compare 
With the STI opening 65 of the present invention. It is shoWn 
that due to the existence of the single-sided spacer 42, the 
STI opening 65 betWeen tWo adjacent deep trenches can be 
very small. It is noted that smaller STI opening 65 betWeen 
tWo adjacent deep trenches means longer active area pattern, 
as shoWn in FIG. 10. 

Referring brie?y back to FIG. 9, the folloWing steps 
include anisotropic etching the BSG layer 50, the single 
sided spacer 42, the pad nitride/pad oxide layers 26 and 28, 
the semiconductor substrate 10, and a portion of Poly3 
through the STI opening 65 to form a STI recess (not 
shoWn), and thereafter removing the remaining AA photo 
resist 64. 

Please refer to FIG. 11 and FIG. 12, With reference to FIG. 
8. FIG. 11 is a schematic cross-sectional diagram illustrating 
the STI process in accordance With the second preferred 
embodiment of the present invention. FIG. 12 is a top vieW 
of FIG. 11 in a DT-AA misaligned state before STI etching 
process, Wherein the perspective non-annular buried strap 
out diffusion 16 and unique single-sided spacer 42 are 
illustrated. Likewise, after forming the single-sided spacer 
42 and recess opening 45 as set forth in FIG. 8, the 
photoresist 34 is removed. Athird polysilicon deposition and 
recess process is carried out to form a third polysilicon layer 
(Poly3) atopPoly2. First, a CVD polysilicon layer (not 
shown) is deposited over the substrate 10 and ?lls the recess 
opening 45. The CVD polysilicon layer is recessed to a 
predetermined depth beloW the surface of the semiconductor 
substrate 10 to form a recess opening 47. Dopants of the 
heavily doped Poly2 diffuse out through Poly3 to the sur 
rounding substrate 10 that is not masked by the single-sided 
spacer 42 to form a non-annular buried strap out diffusion 
16. Finally, an STI process is carried out. Next, as shoWn in 
FIG. 11, a borosilicate glass (BSG) layer 50 is deposited 
over the substrate 10 and ?lls the recess opening 47. AnAA 
photoresist 74 is formed on the BSG layer 50 to de?ne the 
active areas. The AA photoresist 74 has therein a misaligned 
STI opening 75 de?ning the STI region to be etched into the 
substrate 10. The process WindoW is increased When per 
forming STI process. As shoWn in FIG. 12, DT-AA mis 
alignment When performing STI process can be tolerated 
because of the single-sided spacer 42. 

Please refer to FIG. 13 With reference to FIG. 8. FIG. 13 
is a schematic cross-sectional diagram illustrating the STI 
process in accordance With the third preferred embodiment 
of the present invention. As shoWn in FIG. 8, after forming 
the single-sided spacer 42 and recess opening 45, the pho 
toresist 34 is removed. A third polysilicon deposition and 
recess process is carried out to form a third polysilicon layer 
(Poly3) atopPoly2. First, a CVD polysilicon layer (not 
shoWn) is deposited over the substrate 10 and ?lls the recess 
opening 45. The CVD polysilicon layer is recessed to a 
predetermined depth beloW the surface of the semiconductor 
substrate 10 to form a recess opening 47. Dopants of the 
heavily doped Poly2 diffuse out through Poly3 to the sur 
rounding substrate 10 that is not masked by the single-sided 
spacer 42 to form a non-annular buried strap out diffusion 
16. Next, as shoWn in FIG. 13, an STI process is carried out. 
First, a borosilicate glass (BSG) layer 50 is deposited over 
the substrate 10 and ?lls the recess opening 47. An AA 
photoresist 84 is formed on the BSG layer 50 to de?ne the 
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6 
active areas. Please refer to FIG. 14. FIG. 14 is a top vieW 
of FIG. 13. As shoWn in FIG. 14, the AA photoresist 84 is 
a strap across tWo adjacent deep trenches. 

Those skilled in the art Will readily observe that numerous 
modi?cations and alterations of the present invention 
method may be made While retaining the teachings of the 
invention. Accordingly, the above disclosure should be 
construed as limited only by the metes and bounds of the 
appended claims. 
What is claimed is: 
1. A method for fabricating a trench capacitor, compris 

ing: 
providing a substrate having thereon a pad oxide layer and 

a pad nitride layer; 
etching in order of said pad nitride layer, said pad oxide 

layer, and said substrate to form a deep trench; 
doping said deep trench to form a buried diffusion plate in 

said substrate at a loWer portion of said deep trench; 
lining said deep trench With a node dielectric layer; 
performing a ?rst polysilicon deposition and recess etch 

ing to embed a ?rst polysilicon layer on said node 
dielectric layer at said loWer portion of said deep 
trench, and said ?rst polysilicon layer having a top 
surface, Wherein said top surface of said ?rst polysili 
con layer and sideWall of said deep trench de?ne a ?rst 
recess; 

forming a collar oxide layer on sideWall of said ?rst 
recess; 

performing a second polysilicon deposition and recess 
etching to embed a second polysilicon layer on said 
?rst polysilicon layer; 

removing said collar oxide layer that is not covered by 
said second polysilicon layer to expose said substrate at 
an upper portion of said deep trench, and Wherein a top 
surface of said second polysilicon layer and said 
exposed substrate de?ne a second recess; 

?lling said second recess With a spacer material layer; 
forming a photoresist layer on said spacer material layer, 

and said photoresist layer masking a portion of said 
spacer material layer; 

anisotropically etching said spacer material layer not 
covered by said photoresist layer, to form a single-sided 
spacer on the sideWall of said second recess; and 

performing a third polysilicon deposition and recess etch 
ing to embed a third polysilicon layer on said second 
polysilicon layer and said collar oxide layer, Wherein 
dopants of said third polysilicon layer diffuse out to the 
surrounding substrate that is not masked by said single 
sided spacer to form a non-annular buried strap out 
diffusion. 

2. The method of claim 1 Wherein said substrate is a 
silicon substrate. 

3. The method of claim 1 Wherein said deep trench has a 
depth that is larger than 6 microns beloW a surface of said 
substrate. 

4. The method of claim 1 Wherein doping said deep trench 
to form a buried diffusion plate in said substrate involves the 
use of an arsenic silicate glass (ASG) ?lm. 

5. The method of claim 1 Wherein said node dielectric is 
an oxide-nitride-oxide (ONO) dielectric layer. 

6. The method of claim 1 Wherein said spacer material 
layer is silicon dioxide. 

7. The method of claim 6 Wherein said silicon dioxide is 
formed by chemical vapor deposition (CVD) method. 

* * * * * 


